Ó Indian Academy of Sciences

Bull. Mater. Sci. (2021)44:69
https://doi.org/10.1007/s12034-021-02352-2

Sadhana(0123456789().,-volV)FT3](012345
6789().,-volV)

Theoretical investigation on the electronic and optical properties
of BSTS compounds with SOC and TB_mBJ potentials
N SYED KALEEMULLAH1, R THANGAVEL2 and J KUMAR3,*
1

Crystal Growth Centre, Anna University, Chennai 600025, India
Department of Physics, Indian Institute of Technology, Dhanbad 826004, India
3
UGC-BSR Faculty Fellow, Crystal Growth Centre, Anna University, Chennai 600025, India
*Author for correspondence (marsjk@annauniv.edu)
2

MS received 17 September 2020; accepted 20 October 2020
Abstract. In this study, we report on electronic and optical properties of the bulk and primitive structure of A2B3
(A = Bi or Sb and B = Se or Te) compounds using FP-LAPW method within density functional theory. The potentials for
exchange and correlation is treated within generalized gradient approximation-Perdew Burke Ernzerhof and Tran-Blaha
modified Becke–Johnson (TB_mBJ). The inclusion of spin-orbit coupling approximation is used to calculate electronic
structures and optical properties by determining the complex dielectric function, from which the other parameters are
derived. The obtained results are in good agreement with the experimental results. Also, Sb2Te3 compounds have been
found to possess maximum value of absorption and reflection among all the studied compounds. For all the compounds, a
strong absorption coefficient (a) exists between the energy range 0 and 5 eV, and is greater than 105 cm–1, which makes
them suitable for optoelectronic applications.
Keywords. Topological insulators; spin-orbit coupling; density functional theory; TB_mBJ; Bismuth-antimony-telluriumselenium family.

1.

Introduction

Topological insulators are a unique class of materials with a
strong spin-orbit coupling (SOC), which are distinguished
from other materials through fundamental symmetry considerations and present unique quantum mechanical properties that are creating surges of research activities [1–3].
The presence of some peculiar surface states (SSs) in this
new state of quantum matter possessing non-trivial band
topology gives rise to insulating bulk and conducting edges
[1,4]. Like any other ordinary insulator, topological insulators have a bulk energy gap separating the valence band
maximum (VBM) and conduction band minimum (CBM).
However, topological insulators surface in two dimensions
has gapless states that are protected by time-reversal symmetry, leading to conducting state with properties unlike
any other known one- or two-dimensional (1D) or (2D)
electronic systems giving rise to wide range of applications
from spintronics to quantum computation. Experiments
carried out in an electronic system about topological insulators revealed that one of the mechanisms of topological
protection lies in the spin-orbit interaction of electrons in
the magnetic field [1,4]. Interplay between the SOCs

originates from the transverse electronic–transverse magnetic energy splitting, and the Zeeman effect in semiconductor microcavities [5]. Bi2Te3 (BT) and Bi2Se3 (BS) are
members of the (Bi, Sb)2(Te, Se)3 family of materials,
which can directly convert waste heat to electricity without
any moving parts, also known as thermo-electrics. These
applications require better fundamental understanding of
the structural, electronic and optical properties of BT, BS,
Sb2Te3 (ST) and Sb2Se3 (SS) when interfaced among
themselves and with other materials. Chen et al [6] studied
electronic structure of BT and found that BT’s large bulk
gap points to promising potential for high-temperature
spintronics applications on bulk materials. Using density
functional perturbation theory, phonon dispersion relation
and infrared and Raman spectra of crystalline ST have been
computed [7].
Spin-orbit coupling (SOC) greatly affects the electronic
properties of semiconductors and topological insulators. In
an atom, electron’s spinning on its own axis produces SOC.
In the presence of SOC, an energy gap between the spinsplit states is created causing quantum spin hall effect and
resulting in a crystal with topological state. This unique
behaviour enables potential applications in dissipation of
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less electronics and spintronics devices. Thus, a detailed
understanding on the impact of SOC on the electronic
structure is of great interest, due to its importance in terms
of both fundamental physics and technological applications
[8,9]. For numerous semiconductors, transition-metal compounds and insulators, the combination of Tran-Blaha
modified Becke Johnson (TB_mBJ) exchange and generalized gradient approximation (GGA) correlation produced
accurate semiconductor gaps [10–12]. Also, the TB_mBJ is
a decent alternative for Green’s function–Hubbard potential
(GW) [13] or hybrid functional, achieving a comparable
accuracy at a far low cost. Though numerous experimental
and theoretical investigations have been performed to study
the BSTS materials, to the best of our knowledge there are
no literature available that reported to theoretically investigate the impact of SOC and TB_mBJ potential along with
Perdew Burke Ernzerhof-generalized gradient approximation (GGA_PBE) on the electronic and optical properties of
BSTS materials. Hence, this is a novel study where studies
on electronic and optical properties of bulk and primitive
A2B3 (A = Bi or Sb, B = Se or Te) using SOC and TB_mBJ
potentials along with PBE have been carried out. Results
obtained from calculations carried out using SOC ?
TB_mBJ potentials have been compared and analysed with
calculation done using only PBE, PBE ? SOC and
TB_mBJ, respectively. Electronic structure’s density of
states (DOS) and partial density of states (PDOS) and
optical properties such as absorption coefficient, dielectric
constant, optical conductivity and energy loss have been
studied for these binary compounds.
2.

Computational details

In this study, total energy calculations have been performed by Full Potential Linear Augmented Plane wave
(FP-LAPW?lo) method (based on density functional
theory) along with the software WIEN2k. The exchange–
correlation interactions were treated within generalized
gradient approximation (GGA) by Perdew–Burke–Ernzerhof (PBE) parameterization [14] and Tran-Blaha modified Becke Johnson (TB_mBJ) potential [15]. The unit
cell of the compounds BT, BS, ST and SS consists of two
atoms of pnictogen (Bi or Sb) and three atom of
chalcogens (Te or Se), and the primitive cell so generated
Table 1.
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where M represents the dipole matrix, Ei is the energy of
electron in the ith state, ‘i’ and ‘j’ are the initial and final
states, and fi is the Fermi energy distribution function for
the ith state. The real part of the dielectric function
[e1(x)] was extracted using the Kramers–Kronig relation
[17]
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where ‘p’ is the principal value of the integral. From the
real and imaginary parts of the dielectric tensor, the
optical properties such as absorption coefficient, electron
energy loss function and optical conductivity were
calculated.
The absorption coefficient, a(x) and real part of the
optical conductivity, Re[r(x)] were calculated using the
relation as follows [18–20]:

Structural parameters under equilibrium conditions for bulk BT, BS, ST and SS compounds.

Compounds

Lattice parameters (Å)

BT
BS
ST
SS

a
a
a
a

a,b

from unit cell consists of six atoms of pnictogens and
nine atoms of chalcogens with lattice parameters as
specified in table 1. Kmax 9 Rmax equal to 7 and lmax =
10 are kept constant throughout the calculation. The
charge density is Fourier expanded up to Gmax = 12
(Ry)1/2. A 4 9 4 9 4 division for k-point sampling is
used, and the tetrahedral method has been employed for
the Brillouin zone integrations. The Bi (6s2 5d10 5p3), Te
(5s2 5p4), Sb (5s2 4d10 5p3), Se (4s2 4p4) states are treated
as valence states. The muffin tin radii were optimized for
all the compounds in the calculation. To achieve selfconsistency, a number of iterations (40) were used. Unit
for succeeding iterations, less than 0.0001 Ry of the total
energy difference was used. The optical response of the
system is given by e(x) = e1(x) ? ie2(x). At all phonon
energies E = 
hx, e(x) described the optical response of
the medium. The imaginary part of the e2(x) in the long
wavelength limit was obtained directly from the electronic
structure calculation, the imaginary part e2(x) was
obtained using the relation [16],

=
=
=
=

4.38, c = 30.54a
4.38, c = 30.48b
4.44, c = 30.29c
4.076, c = 29.83d

Ref. [21], cRef. [7], dRef. [22].

Bulk modulus
(B) (GPa)

Pressure derivative (P)

Volume (V0)
(a.u.)3

Total energy (E0)
(Ry)

44.43
47.31
50.37
65.86

4.48
4.95
6.21
5.78

1179.12
978.28
1105.13
910.68

-127107
-100907
-66715
-40516
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3.

Results and discussion

3.1

Structural properties
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ð3Þ
ð4Þ

Figure 1a–d shows the crystal structure of Bi2Te3 (BT),
Bi2Se3 (BS), Sb2Te3 (ST) and Sb2Se3 (SS) with the space
group R3m rhombohedral lattice arrangement.
It was observed that these structures have layered structures with a triangular lattice within mono layer. These
compounds have a quintuple layer, which is a five-atom
layer arranged along the z-direction with two equivalent
pnictogens (Te or Se), two equivalent chalcogens (Bi or Sb)
and a third pnictogen atom, respectively. Figure 1e–h shows
the variation of the total energy with the reduced unit cell
volumes for BT, BS, ST and SS. The equilibrium lattice
parameter, bulk modulus and pressure derivatives are estimated by fitting the total energy that has been obtained by
the equation of state. The equation of state of energy and

69

pressure as functions of volume was expressed using the
Murnaghan’s equation,
!
"
#
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where E0, B, P and V, respectively, denote the minimum
energy at 0 K, bulk modulus, pressure and the crystal volume.
B0, V0 and B00 , respectively, stand for the equilibrium values of
the bulk modulus, volume and the pressure derivative of the
bulk modulus. The volume optimization was performed for
all the four compounds. All estimated structural parameters
for BT, BS, ST and SS compounds are shown in table 1. The
obtained bulk modulus decreases as we move from Sb to Bi
and Se to Te for the compounds as shown in table 1.
3.2

Total and partial DOS for Bi2Te3 compounds

In figure 2a–f, the top layer shows the PDOS for pnictogen,
middle layer for chalcogenides and bottom layer for total
DOS of the compounds. Figure 2a–f shows PDOS of BT

Figure 1. Unit cell of (a) BT, (b) BS, (c) ST, (d) SS. The unit cell volume corresponding to total energy of (e) BT, (f) BS, (g) ST
and (h) SS compounds.
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Figure 2. PDOS and total DOS of Bi2Te3 compounds for bulk (a) PBE, (b) PBE?SOC, (c) TB_mBJ, (d) SOC?TB_mBJ potential
and primitive cell (e) PBE, (f) SOC?TB_mBJ.
Table 2. Calculated electronic bandgap of bulk and primitive cell BT, BS, ST and SS compounds using different exchange correlation
potentials.
Bulk

Primitive

Calculated bandgaps (eV) in present work

Calculated bandgaps (eV)
in present work

Compounds

GGA_
PBE

BT
BS
ST
SS

0.54
0.528
0.339
0.483

a,b,c,d

Ref. [23],

e,f

PBE?SOC TB_mBJ
0.299
0.417
0.152
0.48

Ref. [7], gRef. [24],

0.724
0.728
0.206
0.507

SOC?
TB_mBJ

Previously
reported

GGA_PBE

SOC?
TB_mBJ

Previously
reported

0.274
0.42
0.152
0.48

0.15a–0.11b
0.2–0.3c, 0.3d
0.28e, 0.15f
1.88–2.14g

0.316
0.15
0.14
0.132

0.212
0.323
0.138
0.22

0.22–0.26h
0.35i
0.22j
1.1–1.3k

h,j

Ref. [25], iRef. [26], kRef. [27].

performed for bulk system using PBE approximation, PBE
with SOC (PBE ? SOC), TB_mBJ, (SOC with TB_mBJ)
SOC ? TB_mBJ and for primitive cell using (e) PBE and
(f) SOC ? TB_mBJ, respectively. The obtained bandgaps
for the compounds are shown in table 2 for bulk and
primitive cell systems.
From figure 2a–f, it can be noticed that Bi-p and Sbp states are dominated in the bottom of the CB edge near the
Fermi energy (EF), whereas Te-p and Se-p states have
strong contribution in the top of VB edge. From figure 2a
for the calculations performed using PBE, Bi-p states are
found to be in the energy range between 0.54 and 4.23 eV at
the bottom of the CB. Similarly, Te-p states are also found

to be VB in the energy range between -4.54 and 0 eV. The
cation Bi-p and anion Te-p occur strongly hybridized and
the value of bandgap is 0.54 eV. BT consists of two Bi
atoms and three Te atoms, in which each of the three
p-states on an atom point towards an atom on the layer
above and one on the layer below. Consequently, this
arrangement of five atoms lying roughly on a straight line
gives a sequence of five p-states interacting via the ppr
interaction. SOC interaction is introduced along with PBE
as shown in figure 2b. SOC has impacted the DOS such that
for BT the Bi-p in the CBM (0.315–4.39 eV) and Te-p in
the VBM (-4.55–0.05 eV) moves towards EF. The concept
of p–d interaction is to push the VB and CB towards the

Bull. Mater. Sci. (2021)44:69
Fermi level, and hence the bandgap gets reduced to 0.299
eV. Band splitting and band bending occurred along the
edges of VB and CB as shown in figure 2b. Such a splitting
or bending of edge states was absent in the calculation
involving only PBE (figure 2a). Figure 2c shows the PDOS
and DOS for calculations performed using TB_mBJ
approximation. The inclusion of this approximation has
made the edge states Bi-p in CBM (0.72–4.1 eV) and Tep in VBM (-4.6–0 eV) to move away from EF even further
compared to the PBE case. Hence, there was an increase in
the bandgap of BT (0.724 eV). Figure 2d shows the PDOS
and DOS for calculation performed using SOC along with
TB_mBJ approximations. In this case, the inclusion of both
SOC and TB_mBJ has made the edge states of Te-p in
VBM (-4.4–0.035 eV) and Bi-p in CBM (0.327–4.5 eV) to
get closer to EF. The bandgap reduction was found to be
0.274 eV for the BT compound. The same effect was
observed for the primitive cell, in which SOC ? TB_mBJ
(figure 2f) impacted the edge states in VBM and CBM to
get closer to EF compared to PBE case (figure 2e). Similarly, in the case of BS, ST and SS systems, SOC and
TB_mBJ potential in the calculation shifts the chalcogen
(Te/Se) and pnictogen (Bi/Sb) edge states in VBM and
CBM (see supplementary figures 5–7) brings the change in
the value of the bandgaps. The bandgap values for both bulk
and primitive systems are listed in table 2 for all the
compounds.

3.3

Optical properties

Optical calculations were performed for BT, BS, ST and SS
compounds using exchange correlation potential PBE, PBE
? SOC, TB-mBJ and SOC with TB-mBJ for bulk and using
PBE and SOC ? TB_mBJ for primitive cell systems. The
optical dielectric function gives a detailed account of linear
response of the system to an electromagnetic radiation.
3.3a Dielectric constant: For the BT, BS, ST and SS
unit cell structure, two independent components of
dielectric constant e(x), i.e., perpendicular and parallel
components were calculated, which is the result of the
polarization along the z-direction. The imaginary e2(x) and
real e1(x) parts of the dielectric function as a function of
energy was calculated using the equations (13 and 14). The
calculated spectra for the real (e1) and imaginary (e2) part of
the dielectric constant using PBE, PBE ? SOC, TB_mBJ
and SOC ? TB_mBJ potentials for bulk and using PBE and
SOC ? TB_mBJ potentials for primitive cell are shown in
figure 3a–f.
Static dielectric function for real (e1(0)) and imaginary
(e2(0)) part, e(x)’s peak and lowest value for real e1(x) and
imaginary e2(x) part of dielectric function and their corresponding energies for all the compounds BT, BS, ST and SS
for all the methods of bulk and primitive cell systems are
tabulated in supplementary tables 4 and 5. The dielectric

Page 5 of 9

69

constant e1(0) was obtained from the zero-frequency limit of
e1(x) and it corresponds to the electronic part of the static
dielectric constant of the material and the parameter is of
fundamental importance in many aspects of material properties. e1(x) represents the dispersion of the incident photons by the materials, while e2(x) is related to the energy
absorbed by the material. From figure 3a–f, for both bulk
and primitive cases it can be seen that e1(0) has higher value
for ST and lower value for BS, compared to other compounds, for all the calculations. For all the compounds, e1(0)
for the cases PBE ? SOC and SOC ? TB_mBJ increases,
while it decreases for TB_mBJ case except for ST (37.6).
The same is true for primitive case too, where inclusion of
SOC ? TB_mBJ potential in the calculation increases the
value of e1(0). From figure 3a, it was observed that for PBE
potential, for e1(x), the peak at 1.5 eV for BT is due to the
transition of an electron from Te-p orbital of VB to the
Be-p of CB at the C-point.
Figure 3b–d shows fundamental peaks around 2.1, 1 and
1.6 eV for BS, ST and SS due to the transition of Be-p/Sb-p
and Te-p/Se-p states, respectively. The optical transitions
from the valence band maximum (VBM) to conduction
band minimum (CBM) contribute to the optical spectra. For
all compounds it was observed that from the zero-frequency
limit, e1(x) starts increasing and after first transition, it
starts decreasing with other transitions. For the cases PBE ?
SOC and SOC ? TB_mBJ, the peak values were obtained at
lower values of energy, while for TB_mBJ method makes
e1(x) peak at a higher value as compared to the PBE
potential for all the compounds. For both bulk and primitive
cases, the value of e1(x) peak decreases for all the compounds with the inclusion of SOC ? TB_mBJ potential
except for ST. The main differences in the dielectric functions for all the exchange correlation potential calculations
became noticeable in the energy range 0 to 3 eV. These
results imply that ST has maximum amount of reflection
compared to the other compounds. e2(x) spectra were distributed in a sequence similar to DOS. From figure 3a (e2),
for PBE, it is clear that BT has higher value of e2(x) (76.2)
at energy range 1.8 eV, while SS (39.2 at 2 eV) has lower
e2(x). For SOC ? TB_mBJ case, highest and lowest value
of e2(x) is ST (60.6) and SS (39.3), respectively. For
primitive structures, ST leads in the value of e2(x) for both
PBE and SOC ? TB_mBJ cases compared to BT, BS and
SS. Large value of e2(x) signified large absorption of the
material [28–30]. Hence, inclusion of SOC ? TB_mBJ
potential in the calculations has revealed that the material
with the highest absorption is ST among all the four compounds for both bulk and primitive cases. For all e2(x)
curves in figure 3a–f, there is a slight shift towards the lower
energy for the PBE ? SOC and SOC ? TB_mBJ potentials,
while slight shift towards the higher energy for the TB_mBJ
calculation between the energy ranges 1–4 eV, as shown in
figure 3a–d. This reflected the fact that for the TB_mBJ
calculation energy gap has improved, while for PBE ? SOC
and SOC ? TB_mBJ it has declined. The parameter falls to
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Figure 3. Real (top) and imaginary part (bottom) of dielectric constant for bulk using (a) PBE, (b) PBE ? SOC, (c) TB_mBJ,
(d) SOC?TB_mBJ and for primitive cell systems using (e) PBE and (f) SOC?TB_mBJ potential.

almost zero value above 4 eV for all compounds, indicating
maximum light transmission from the compounds. Furthermore, the dielectric functions of all four compounds
have a strong e2(x) peak in the energy range between 1 and
!
3 eV, which arises from the response at k -states always
from the C-point, with a strong contribution from the flat
dispersion of the VBM and CBM.
3.3b Optical absorption co-efficient: Optical absorption
coefficient a(x) is one of the most crucial evaluation
criterions for the optical materials The calculated
variations of optical absorption coefficient for BT, BS,
ST and SS for different photonic energies through PBE,
PBE ? SOC, TB_mBJ and SOC ? TB_mBJ potentials for
bulk are shown in figure 4a–d and PBE and SOC ?
TB_mBJ for primitive cell in figure 4e and f, respectively.
Figure 4e and f shows the Tauc’s plot that starts at the
energy range of the fundamental gap that stemmed from
the direct C ? C transition of chalcogen (Te, Se) anionp valence state electrons located at the VBM to the
unoccupied pnictogen (Bi, Sb) cation-p state, which
dominates the CBM.
As the energy increases, the value of a(x) increased, to
its higher value that were described, as first (I) set of peaks.
This then decreases, after reaching a minimal, it again
increases to its highest value which were described as
second (II) set of peaks as seen from figure 4a–f. From
figure 4a, for PBE potential, it was observed that BT have
(I) peaks at about 2.16, 2.7 and 3.28 eV, while (II) peaks are

at about 6.78, 7.47 and 8.43 eV. For BS, peaks (I) and (II)
are at about 2.77, 3.03 and 3.99 eV and 7.83 and 9.23 eV,
for ST, at about 1.72, 2.43 and 3.08 eV and 6.98, 8.12 and
8.75 eV, for SS, at about 2.59, 3.2 and 3.84 eV and 7.36, 8.8
and 9.41 eV, respectively. In the case of TB_mBJ, there was
not much change in the position and a(x) value of the peaks
(figure 4c). However, from figure 4b, with the inclusion of
SOC, there was a shift in the position of peaks towards
photon of lower energy and a(x) value was also decreased.
In the case of SOC ? TB_mBJ, a(x) value of peaks and the
corresponding energy value decreased than that of PBE
case. The same effect was observed for PBE and SOC ?
TB_mBJ for the primitive cell, in which the a(x) peak
value and its respective energy decreased (figure 4e and f).
The absorption band edges of all the compounds are as
shown in figure 4g–l. From figure 4g–l, the bandgap values
of compounds were calculated from the Tauc’s plot,
assuming (ahm)2 / (hm – Eg), where a is the absorption
coefficient and hm the photon energy (h is the Planck’s
constant and m the frequency). The estimated and reported
experimental values of optical bandgaps using PBE, PBE ?
SOC, TB_mBJ and SOC ? TB_mBJ for bulk and using
PBE and SOC ? TB_mBJ for primitive cell are shown in
table 3.
Like in the case of electronic bandgap, the value of the
optical bandgaps decreased with the inclusion of SOC in the
calculation compared to PBE cases, increased again for
TB_mBJ cases, then finally decreasing for SOC ? TB_mBJ
case where it gets closer to the calculations involving SOC.
Again, the inclusion of TB_mBJ increased the optical

Bull. Mater. Sci. (2021)44:69
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Figure 4. Absorption coefficient of BT, BS, ST, SS for the calculation for bulk using (a) PBE, (b) PBE ? SOC, (c) TB_mBJ,
(d) SOC ? TB_mBJ and for primitive cell systems using (e) PBE and (f) SOC ? TB_mBJ potential. Calculated (ahm)2 vs. energy
gap (eV) of BT, BS, ST, SS for bulk using (g) PBE, (h) PBE ? SOC, (i) TB_mBJ, (j) SOC ? TB_mBJ and for primitive cell
systems using (k) PBE and (l) SOC ? TB_mBJ potential.
Table 3.

Optical bandgaps of the bulk BT, BS, ST and SS compounds for all the cases.
Bulk

Primitive
Optical bandgaps (eV) in
present work

Optical bandgaps (eV) in present work

Compounds GGA_PBE
BT
BS
ST
SS
a,c

PBE ?
SOC

TB_mBJ

SOC ?
TB_mBJ

Previously
reported

GGA_PBE

SOC ?
TB_mBJ

Previously
reported

0.41
0.63
0.48
0.69

0.87
1.16
0.48
0.84

0.41
0.69
0.49
0.74

0.12a
0.35b
0.28c
1.88–2.14d

0.616
0.743
0.334
0.502

0.237
0.409
0.279
0.449

0.22–0.26a,e
0.35b,f
0.22c,g
1.1–1.13d,h

0.81
0.98
0.59
0.81

Ref. [25], bRef. [26], dRef. [24],

e,g

Ref. [25], fRef. [26], hRef. [27].

bandgap, while SOC decreased the bandgap. The absorption
starts at the energy of the fundamental gap. The absorption
co-efficient, a(x) of all the four materials represented the
linear optical response from the extreme valence band edge
to the extreme conduction band edge. In the energy range of
0.2–1.2 eV for bulk and 0.2–0.8 eV for primitive cell, for all
the compounds, the absorption peak is due to the first
transition peak between the chalcogen p-state on top of
valence band and to the empty pnictogen p-state in the

bottom of conduction band. a(x) increased as the energy
increased to its higher value.
3.3c Optical conductivity and energy loss: The
calculated real and imaginary part of the optical
conductivity (frequency dependent) using PBE, PBE ?
SOC, TB_mBJ and SOC ? TB_mBJ for bulk and using
PBE and SOC ? TB_mBJ for primitive cell are shown in
figure 5a–f.
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Figure 5. Real (top) and imaginary (bottom) part of optical conductivity for bulk using (a) PBE, (b) PBE ? SOC, (c) TB_mBJ,
(d) SOC ? TB_mBJ and for primitive cell systems using (e) PBE and (f) SOC ? TB_mBJ potential.

From figure 5a–f, the optical conductivity increased in
energy range between 0.5 and 2.4 eV for all the compounds.
In PBE, BT (16.26 at 1.73 eV) and BS (16 at 2.35 eV) had
the higher optical conductivity value among the four compounds. In PBE ? SOC, SS (10.1 at 2.2 eV) and ST (11.47
at energy 1.55 eV), in TB_mBJ, BT (16.52 at 1.9 eV) and
BS (15.2 at 2.66 eV), and in SOC?TB_mBJ, BS (10.22 at
2.08 eV) and ST (11.63 at 1.58 eV) have the higher value.
Higher energy implied that the material did not interact with
incident photon. Energy loss (EL) characteristics for the
compounds for different incident photon energies are shown
in supplementary figure 9a–f. From supplementary figure 9a–f, in the energy loss characteristics curve, EL rose
rapidly for BT and BS than ST and SS reaching the highest
peak value for all the four methods. Then, value of EL
decreased and reached a minimal value, again it increased.
For both bulk and primitive cells, the peak EL value for ST
was reached, for lowest value of energy compared to the
other compounds.

4.

Conclusions

In summary, the total energy calculations were performed
using PBE, PBE ? SOC, TB_mBJ and SOC ? TB_mBJ as
implemented in WIEN2k (FP-LAPW) method. The electronic and optical properties of bulk and primitive A2B3 (A
= Bi and Sb and B = Se and Te) compounds were investigated. The computed results were found to be in good
agreement with available experimental and other reported

theoretical work. From the C-symmetry point of the Brillouin zone, the direct bandgap nature for all these compounds was confirmed for all the above-mentioned
methods. The total and partial density of states were calculated and the influence of chalcogens on the VBM and
pnictogens on the CBM in hybridization and optical properties, respectively, was discussed. The inclusion of spinorbit effects of an electron of an atom in the calculation
brought band bending, as revealed by the total DOS indicated topological insulator behaviour of all the compounds.
Bandgap increased with the application of TB_mBJ, but
decreased when SOC was included in the calculation for all
the cases except for ST, where it decreased when compared
to PBE case. In the case of primitive cell of the compounds,
SOC and TB_mBJ potentials in the calculation increased
the bandgap for BS and SS, but decreased for BT and ST.
The optical properties of BT, BS, ST and SS have been
calculated using PBE and SOC with TB_mBJ methods,
respectively. From the optical properties calculated, we
observed that there was a large amount of reflection from
both bulk and primitive cell ST compared to the BT, BS and
SS, since peaks of real part of dielectric constant e1(x) was
higher. For ST, imaginary part of the dielectric constant had
higher peak value and higher absorption coefficient compared to other compounds. Also, for all the compounds in
all the methods of calculation performed, the e2(x)
decreased and attained zero indicating maximum light
transmission through the same. Inclusion of SOC decreased,
while TB_mBJ increased the electronic as well as the
optical bandgaps for all the compounds. The strong
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absorption coefficient and energy spectrum were present
between the energy range of 0 and 5 eV of the four compounds. Furthermore, the absorption coefficient of all these
compounds was found to be greater than 105 cm–1, which
makes them attractive choice for solar cell applications.
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